Summary. In the rabbit, daily sperm production by the testes was estimated by determining the total number of spermatozoa and late spermatids contained in a testicular suspension, and the length of the spermatogenic cycle was estimated by an autoradiographic technique. In twenty bucks, 9 to 14 months old (mean weight 3\m=.\9 kg), which had spent 6\m=.\9\m=+-\1\m=.\8weeks in a constant photoperiod of 14 hr light daily, the mean sperm production was 147\m=.\4\ m=x\ 106/day and 1 g of their testicular tissue yielded 26\m=.\5\ m=x\ 106 sperm/day. In another group of thirteen bucks, 15 to 16 months old, which had spent 26\m=.\3\m=+-\1\m=.\7weeks under similar lighting conditions, mean sperm production was 115\m=.\8\ m=x\ 106/day and 1 g of testis yielded 21\m=.\4\ m=x\106 sperm/day. The difference between the two groups of animals is highly significant and it is postulated that a constant photoperiod is deleterious for sperm production. In rabbits collected from twice a week the daily sperm output was consistently lower than the testicular sperm production, indicating that slightly more than 50% of the spermatozoa produced are resorbed.
INTRODUCTION
Daily sperm production has been estimated either by determination of the sperm output at various ejaculation frequencies (Edwards, 1940; Chang, 1945; Ortavant, 1958; Amann & Almquist, 1961b) or by direct determination on the testes (Amann & Almquist, 1962b; Kennelly & Foote, 1964) . The first ap¬ proach may not give a true picture of the sperm production since it does not take into account sperm résorption in the epididymis (in the bull, at least, 57% of the spermatozoa are resorbed in the epididymis of bulls ejaculated as frequently as eight times weekly (Amann & Almquist, 1962a) . In the present study, the second approach has been chosen, and the daily testicular production has been estimated after determination of the total number of spermatozoa and late spermatids contained in a testicular suspension.
MATERIAL AND METHODS

Determination of the daily sperm output
Rabbits used in the present study were bought-in stock; they were kept in¬ doors with 14 hr of light daily, on a Wayne diet M43 and unrestricted water. 16 M. C. Orgebin-Crist Four New Zealand White and two Dutch-belted male rabbits were used in this study. Semen was collected with an artificial vagina, using a teaser doe, twice a week for a period of 10 weeks. After collection, the tube was separated from the artificial vagina, the gel (when present) was removed and both the gel and the artificial vagina were rinsed. Sperm concentration was determined by haemocytometer counts. At the end of the collection period, animals were killed and testicular sperm reserves determined.
Determination of the gonadal and epididymal sperm reserves Two groups of New Zealand White males were used in this study. Animals from group A were 9 to 14 months old, weighed 3-9 + 0-5 kg, and had spent 6-9+1-8 weeks in artificial light. All rabbits from group were 15 to 16 months old (except one 2 years old), weighed 3-9 + 0-2 kg, and had spent 26-3+1-7 weeks in artificial light before killing.
All the animals were killed by an overdose of Diabutal (Diamond Labora¬ tories), the reproductive system was removed, testis and epididymis were separated and weighed, and the latter was divided into four portions (caput, corpus, cauda and vas deferens). These divisions were made in every case by the same person. The tunica albugínea was carefully removed from the testis and most of the connective tissue was removed from the epididymis. Each com¬ ponent part was cut into very small pieces in 5 ml of 0-9% NaCl, using curved scissors. After soaking for 1 hr at 4°C , the macerated tissue was placed in the 50-ml jar of a Serval Omnimixer. It was then homogenized at approximately 7000 rev/min. The homogenate volume was 10 ml except for the corpus epididymidis and the vas deferens (5 ml). The final volume after rinsing the jar was 40 ml for the testis, 20 ml for the caput, 15 ml for the corpus and the vas deferens, and 30 ml for the cauda epididymidis.
The 1-0, 10-6, 24-6, 25-4, 27-1, 27-7, 30-0, 30-6 Ortavant (1958) in the ram and adopted by Swierstra & Foote (1963) in the rabbit.
Calculation of testicular sperm production
The total number of late spermatids and spermatozoa counted in a testicular suspension should represent some function of the daily testicular production. To assess this more precisely, it should be determined from which stages of the seminiferous epithelium cycle the spermatids counted in the testicular suspen¬ sion come. When these stages are determined, when it is known what percentage of the seminiferous epithelium cycle these stages represent, and when the length ofone cycle of the seminiferous epithelium is also known, then the daily testicular production can be calculated from the formula proposed by Amann & Alm¬ quist (1962b 25-0±l-9 5-7±0-6
14-4+1-4 5-2 + 0-6 6-1 ±0-9 18-4±l-3 11-7 + 0-9 12-4+1-9
The most advanced labelled germ cell type in specific stages of the seminiferous epithelium cycle was determined for each of the eight injected rabbits. Results are shown in Daily testicular production Since (1) the length of the cycle is 11-2 days, (2) the percentage of the cycle represented by the spermatids counted is 48-6, and (3) the total sperm count in the testis has been determined, all the data necessary for the calculation of the daily testicular production are available. In group A rabbits, the average sperm production is 73-7 106/testis, i.e. 147-4 106/day/rabbit and 1 g of testis produces 26-5 IO6 spermatozoa. In group rabbits, the average sperm production is 57-9 106/testis, i.e. Sperm production = ------Ç-:----
Primary spermatocyte generation interval in days
This formula does not take into account the shrinkage due to fixation and em¬ bedding of the tissue and, as the authors are well aware, does not take into account the possible degeneration of the spermatocytes and spermatids. To meet the latter criticism, they have recently proposed (Foote, Kennelly & Swierstra, 1965 ) a modification of their formula, using the number of round spermatid instead of primary spermatocyte nuclei. The equation proposed by Amann & Almquist (1962b) (Amann, Koefed-Johnsen & Levi, 1965) ; 10-9 + 0-1 days for Dutch-belted rabbits ; 10-3 days (Orgebin-Crist, 1956 ). Our estimation of 10-3 days was based on the time required for a daughter spermatozoon from a preleptotene spermatocyte to be released into the seminiferous tubule lumen and for it to arrive in the proximal caput epididymidis. This value should be replaced by the one given in this paper (11-2 + 0-08) based on smaller intervals after labelling as prelepto¬ tene spermatocyte. The exact stages represented by elongated spermatids and spermatozoa counted in the homogenate are also a critical parameter. Ortavant (1958) estimates that spermatids from stage II to VIII are released, whereas Amann & Almquist (1962b) assume that only spermatids from stages VI, VII and VIII of the seminiferous epithelium cycle would be counted, but these authors have no definite supporting evidence. It appears that, in the rabbit, and with the liberation and counting techniques described herein, spermatids from stage V are included as well. The relative frequency of the stages of the seminiferous epithelium cycle has been determined in several species. Our data are in reasonably good agreement with the data published by Swierstra & Foote (1963) for Dutch-belted rabbits, with the exception of the relative dura¬ tion of stages II and III. They are very close to the data given by Ortavant (1958) (Edwards, 1940) (Desjardins, Kirton & Hafs, 1965 ) and 114x 106 with 2 ejacu¬ lates/48 hr for 4 weeks (Amann, 1966) . The difference between daily sperm output and daily sperm production appeared to be due primarily to résorption (no losses in urine have been observed in four rabbits left for 2 months in metabolism cages, unpublished observations). In animals collected from daily, these losses have been estimated to represent 58% of the sperm production in the bull (Amann & Almquist, 1962a) and 37% in the boar (Kennelly & Foote, 1964) . In the rabbit with an ejaculation frequency giving the maximal sperm output (2x48 hr), it would appear that losses are less important. But when animals are ejaculated less frequently (1 ejaculate twice a week as in the present study), then sperm résorption appears and represents 54% of the sperm production.
The reason for the difference observed both for daily testicular production and the sperm production/g of testis between rabbits from groups A and is not clear. Rabbits from group were older than those from group A. They formed a much more homogeneous group, having been born at the same time, brought into the animal quarters at 7 months of age, and kept from that time until slaughter under similar conditions with 14 hr of artificial light daily. The main difference is the amount of time spent in artificial light (6-9/26-3 weeks) and it would seem that in the rabbit a constant photoperiod of 14 hr daily is deleterious for sperm production as it is in the ram (Ortavant, 1958) .
